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® Monoclonal antibodies to Fc receptors for immunoglobulin G on human mononuclear phagocytes; 
bifunctional antibodies; target specific effector cells; targeted macrophages; and Immunoassays. 

© A human Fc receptor-spedfic monoclonal antibody is disclosed together with its mode of preparation. 
Binding of the antibody to Fc receptor is not blocked by human immunoglobulin G. The antibody binds to the 
high affinity Fc receptor for IgG on human monocytes at a receptor binding site distinct from the ligand binding 
site for Fc. " » 

A bihjnctional antibody or a heteroantibody has an antigen binding region derived from an anti-Fc receptor 
antibody and an antigen binding region specific for a target epifope or cell: such antibody may target a 
macrophage when it is bound to surface Fc receptors of the macrophage. 
. ^ A target-specific effector cell expresses receptor for the Fg portion of IgG. has one antigen binding region 
^denved from an anti-Fc receptor antibody and another specific for a target cell, and the aforesaid bifunctional or 
^hetero-antibody is bound to the Fc receptor of the effector cell; such effector ceil can be used in the therapy of 
(^cancers, allergies, infectious and autoimmune diseases, and in immunoassays. 
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-MONOCLONAL ANTIBODIES TO Fc RECEPTORS FOR IMMUNOGLOBUUN G ON HUMAN MONONUCLEAR 
PHAGOCYTES; BIFUNCT10NAL ANTIBODIES; TARGET SPEaFIC EFFECTOR CELLS; TARGETED MACRO- 
PHAGES; AND IMMUNOASSAYS** 

: 

- 

The present invention relat s to monoclonal antibodies to Fc receptors for immunoglobulin G on human 3 
mononuct ar phagocytes; brfunctional antibodies; target specific effector cells; targeted macrophages; and 1 
- immunoassays. v 
Several types of effector cells have surface receptors that bind the Fc portion, of immunoglobulin (IgG). 
5 When such cells (monocytes, granulocytes. K cells, etc) encounter target cells that have been opsonized 
with IgG antibodies, they form conjugates with the target cells. Subsequently, the effector cells either lyse 
or phagocytose the target cells, depending upon the effector cell type, the target cell type and the specific 
Fc receptor type involved. 

Two distinct classes of IgG Fc receptors (FcR) have t>een identified on hurnan monocytes and on the 

10 human monocytic cell line U937, Looney. R.J., et al.. (1986) J. Immunol . 136:1641-1647. One is a 72kDa 
sialoglycoprotein (p72) with high affinity Ka = lO*-10® M-1) for monomeric human IgGl and !gG3 and for 
murine subclasses lgG2a Bnd lgG3. Alexander. M.D.. et al. (1978) lmmunol . 35:115*123; Anderson. C.L and 
Abraham. G.N. (1980) J. Immunol . 125:2735-2741; Lubeck. M.D. el al. (1985) J. Immune . 135 : 1299-1304. 
The other receptor is a 40kOa molecule (p40) which shows relatively k>w affinity for monomeric IgG. 

T5 Looney, et a[., supra ; Jones, D.H.. et al. (1985) J.lmmunol . 135 :33483353. P4a has been defined by its 
ability both to form rosettes with erythrocytes coated with murine IgGl and to bind aggregated murin 
lgG2b at low ionic strength. In addition, a monoclonal antibody ({V3) has t>een prepared which binds to the ' 
40 kOa receptor and inhibits ligand binding. See Looney. R.J.. et al., supra . This receptor is present not 
only on mononuclear phagocytes but on human platelets, neutrophils and eosinophils. Rosenfeld. S.I., et ai. 

20 (1 985) J. Clin. Invest . 76:231 7-2322. 

These two Fc receptoi'S on human monocytes have been shown to mediate anti-T3-induced human T 
cell mitogenesis by distinct subclasses of murine IgG. The 72kDa FcR mediates murine lgG2a anti-T3- 
induced stimulation whereas the 40 kOa FcR mediates murine IgGl anti-T3-induced T cell mitogenesis. See 
Looney et al supra . Based upon their distinctive affinities for murine IgG sutx;lasses. p72 and p40 are 

25 thought to be the human homologues of murine macrophage FcRI and FcRII specific for murine lgG2a and 
lgG2t>/1 , respectively. Although not present on monocytes or U937 cells, a third class of IgG FcRs has been 
described on human neutrophils and null cells. 

It has been demonstrated that target"cell conjugation and lysis can also be induced by covalently cross- 
linked heteroantibody made up of both anti-Fc receptor antibody and antitxxly directed against a target cell 

30 epitope. When effector cells bind such heteroaggregates to their Fc receptor, they can specifically bind and 
lyse target cells which have not been opsonized, but which express the appropriate target antigen. Segal et 
al. have recently reported cytolysis of tumor cells by mouse monocytes with an attached heteroantitXKJy 
which joins the Fc receptor of the monocyte on or>e end with tunrior cell epitopes on the other erni. The 
targeting of effector cells with conventional heteroantibodtes. however, is likely to be only marginally 

35 effective in vivo because the binding of antit>ody to Fc receptors can t>e blocked by physiological 
concentrations of IgG. 



Disclosure of the Invention 

40 

This invention pertains to monoclonal antibodies which are specific for the human high affinity Fc 
receptor for IgG. the p72 receptor, and which bind to the Fc receptor without being t>k>cked by human IgG. 
The antitx>die$ bind specifically, through their antigen combining region arul independent of their Fc portion, 
to human receptor for the Fc portion of IgG. The antitxxJies bind to a site on the Fc receptor distinct from 
45 the binding site for the Fc region of IgG (ligand) and the antibodies are capable of binding a figand- 
occupied receptor. 

The anti-Fc receptor antibody of this invention can be made by monoclonal antibody producing 
techniques. Fc receptor protein can be otrtained for immunization by preparing a cell fraction containing Fc 
rec ptor from a cell line that express s Fc receptor (e.g. the U937 line, a human monocytic cell line that 
50 xpresses Fc receptor for human IgG). The cells can be pr treated in culture with IFN-gamma to enhance 
the yield of Fc receptor protein. Fc receptor prot in is purified by affinity purification from cell lysates. An 
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animaJ is immunized with the purified rec ptor protein and antibody-producing cells are han^ested from th 
animal and fus d with a myeloma cell or other immortalizing cell to produce hybridomas: The hybridomas 
ar cloned and clones are selected for production of antibody to Fc receptor which is not blocked by 
human IgG. 

The selection of antibody which binds to the Fc receptor through its antigen binding region (distinct 
from the Fc portion of the antibody) is complicated by the fact that the Fc portion of IgG of th animal 
species may bind human Fc receptor. For xample, two of th four murine IgG subclasses T|gG2a and lgG3 
- bind to the high affinity human Fc receptor via their Fc portion. In such Instances selection can be 
facilitated as follows: After initial screening of hybridomas for production of Ig which binds the receptor, 
hybridomas which produce antibody of the subclass which is bound via its Fc region by the human Fc 
receptor, are eliminated from consideration. The remaining hybridomas are evaluated for production of 
antibody which binds Fc receptor independently of their Fc portion. 

The anti-Fc receptor antibody of this invention can be used to produce target-specific effector cells for 
ti-eatment of cancer, allergies, and infectious and autoimmune diseases. Antibody specific for a target cell 
(targeting antibody) can be linked to the Fc receptor of effector cell through the Fc-specific antibody of this 
invention. The linkage mediated by this anti-Fc receptor antibody is not disnjptable by IgG because binding 
the receptor does not involve the Fc portion of the antibody. 

For the purpose of targeting effector cells, a bifunctional antibody (used herein to mean a single 
antibody or antibody fragment witti a dual binding specificity) or a heteroantibody (used herein to mean an 
aggregate of two or more antibodies (or antibody fragments) each antibody having a different specificity) 
can be produced. In general, the bifunctional antibody or heterantibody comprises: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody whose binding to 
human Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific for a target cell. 

The binding of bifunctional or heteroantibody to the effector cell results in a targeted effector cell i.e.. an 
effector cell with attached bifunctional or heteroantibody containing antigen binding regions which are 
^pecific for a desired target cell. The targeted effector cells can be used to bring about antibody dependent 
cell mediated cytolysis (AOCC) of the target cells in vivo . 

The target cell can be a cancer cell or other cell whose elimination would be beneficial to the host for 
example, an auto-antibody producing cell found in autoimmune diseases, or an IgE producing cell found in 
allergies. The target cell specificity of the bifunctional antibody or the hetero-antibody is derived from a 
targeting antibody i.e.. an antibody specific for a target cell-associated or target cell-specific antigen. The 
use of the Fc specific antibody of tiiis invention provides for attachment of the targeting antibody to 
monocyte effector cells by a linkage which is not dismpted by phsiological levels of immunoglobulin G 
encountered in vivo. Thus, the targeted effector cells can be given in vivo without loss of effector cell 
specificity due to IgG competion for Fc receptor sites. 

The anti-FcRI antibody of this invention has other therapuetic applications as well as several diagnostic 
applications. The antibody can be used as a targeting antibody to target FcRI-bearing cells. The antibody 
can also be used to induce capping and removal of Fc receptors on monocyte or other cells. Diagnostic 
applications of the antit)odies include their use in assays for FcRI receptor levels and assays for sut)stances 
that influence FcRI receptor levels. 

The invention will now be described in more detail in the following description, which is given by way of 
example only, and which is to be read in conjunction with the accompanying drawings, in which: 

Figure 1 shows SDS-PAGE of affinity adsorbed lysates of surface radioiodinated U937 cells. 

Figure 2 shows SDS-PAGE analysis of affinity adsorption with ligand or with mab 32 after pre- 
clearing U937 lysates with ligand or with mab 32. 

Figure 3 shows the results of isoelectiic focussing of p72 purified either with ligand or with mab 32. 

Figure 4 shows that human IgG does not interfere with the binding of Mab 32 to U937 cells, but 
blocks, almost completely, the binding of the mouse lgG2a myetoma UPOIO. 

Figure 4b shows that human IgG does not interfer with the binding of Mab 32, 22. 44. 62 and 197 to 
U937 cells, but blocks almost completely the binding of mouse »gG2a UPC-10; and the increased binding of 
Mab 32. 22. 44. 62 and 197 to IFN-gamma treated U937 cells. 

Rgure 5 shows the fluorescence intensity of cells stained with mab 32. 

Figure 6 shows the cytotoxicity of chicken red blood cells (cRBC) by IFN-gamma treated U937 cells 
mediated by the heteroantibody Mab32 x Fab anti-cRBC. 

Figure 7 shows cytotoxicity of cRBC by int rferon-gamma treated and untreated U937 cells. 

Figure 8 shows cytotoxicity of chick n cRBC by interferon-gamma ti-eated and untreated human 
peripheral blood monocytes. 
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Rgur© 9 shows the cytoxicity of cRBC by IFN-gamma treated U937 cells in the pr sence of the 
heteroantibody Mab 32 x Fab anti-cRBC and human IgGl. 

Figur 10 shows cytotoxicity of cRBC by IFN-gamma treated and untreated human peripheral blood 
monocytes in the pr sence of the heteroantibody Mab 32 x Fab anti-cRBC and human IgGi, 



Detailed Description of Invention 

The antibody of this invention binds the high affinity (p72) Fc receptor (FcRI) for human IgG without 
being blocked by human IgG. Preferred anti-FcRI receptor antibody has the following characteristics: 

a. the antibody reacts specifically with the high affinity Fc receptor; 

b. the antibody reacts with the receptor through its antigen combining region independent of its Fc 
portion; 

c. the antibody reacts with an epitope of FcRI which is distinct from the Fc (or ligand binding) site of 
the receptor; and 

d. the antilxxJy binds ligand (Fc) occupied receptor. 

The monoclonal anti-Fc receptor antibody of this invention can be produced by conventional mon- 
oclonal antibody methodology e.g., the standard somatic cell hybridization techniqe of Kohler and Milstein. 
Nature 256: 495 (1975). Although somatic cell hybridization procedures are prefen-ed. in principle, other 
techniques for producing monoclonal antibody can by employed e.g.. viral or oncogenic transformation of B 
lymphocytes. 

Fc receptor for immunization of an animal can be prepared from lysates of human cells which express - 
the receptor. A preferred receptor-bearing cell line is the human monocytic cell line U937; however, other 
monocytic cells such as HL-60 cells or freshly isolated monocytes can be used. Because interferon-gamma 
enhances Fc receptor expression, the cells can l>e cultured in the presence of interferon-gamma (e.g. 100 
lU/ml) before receptor preparation to enhance the yield of receptor protein. 

A partially purified preparation of the receptor can be made by lysing receptor-bearing cells and then 
purifying the receptor by immunoadsorbant chromatography. <::ells can by lysed in a buffer containing a 
detergent such as NP40. Jhe immunoadsort>ent can be prepared by attaching human IgG to a water- 
insoluble material such as aitiacdtivated SepharoseTu resin. The Sepharose resin with attached human IgG 
is poured into a column. The ceiriysate .is passed through the column under conditions which permit 
adsorbtion of the cellular Fc receptor protein by- 9ie::4gG coupled to the resin. The adsorbed Fc receptor 
protein can be eluted with a mildly acidic elution buffer. The purified receptor can then be used for 
immunization of an animal to produce anti-receptor monoclonal antibody. 

As an alternative to the use of partially purified receptor protein, whole FcBI-bearing cells can be used 
as immunogen. For example, whole interferon-gamma treated U937 cells can be used to elicit anti-FcRI 
antibody. 

The prefen-ed animal system for preparing hybridomas is the murine system. Hybridoma production in 
tfw mouse is a very well-established procedure. Immunization protocols and techniques for isolation of 
immunized splenocytes for fusion are well known in the art Fusion partners (e.g., murine myeloma cells) 
and fusion procedures are also well-known. 

Selection of murine hybridomas producing antibody against the FcRI for IgG of human monocytes, 
however, is complicated by the fact that two subclasses of murine IgG - the lgG2a and lgG3 subclasses - 
are ligands capable of binding with high affinity to this receptor. Thus, assays for monoclonal antibody 
capable of binding to the receptor would register as positive all murine antibodies of these two subclasses. 
This obstacle can be avoided by first screening hybrid cells for production of antibody reactive with the cell 
fine which was the source of Fc receptor, then elimination hybrid cells ¥vhich produce lg(32a and lgG3 
antibodies and finally, evaluating remaining hybridomas for production of antibody against high affinity 
receptor. This strategy is further detailed in the exempfification below. 

Employing the methodology described, five murine monoclonal anti-FcRI antibodies were prepared. The 
antibodies are designated mab 22. mab 32. mab 44. mab 62 and mab 197. Each of the antibodies exhibit 
the preferred characteristics set forth above. 
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The anti-Fc receptor antibody of this invention can be used to produce target-specific effector cells i.e. 
effector cells which are capable of recognizing and binding to a target cell and exerting their effector 
function. It provides a means for attaching to an effector cell an antibody or antibody-binding fragm nt 
dir cted against a target cell. The attachm nt is not disruptable by physiological cone ntrations of IgG 
5 because the anti-Fc antibody which mediates the attachm nt binds the receptor through its antigen-binding 
region. Effector cells, such as macrophages, targeted in this way can b employed to bring about antibody- 

dependent cell-mediated killing of targ t cells. 

To target effector cells, bifuctional antibodies or heteroantitxxjies are employed. These antibodies have 
dual antigen binding specificity -one specificity for the Fc receptor (preferably the high affinity Fc receptor) 
70 and one specificity for an epitope of the target celL The Fc receptor specificity mediates linkage to the 
effector cell through a known cytotoxic trigger molecule. The target cell specificity provides for recognition 
and binding to the target cell. 

Bifunctional antibodies are single, divalent antibodies which have two different antigen binding sites. 
Bifiinctional antibodies for targeting have one binding site for Fc receptor and one binding site for a target 
;5 ' cell epitope. 

Hetereoantibodies are two or more antibodies or antibody binding fragments (Fab) linked together, each 
. antibody or fragment having a different specificity. Heteroantibodies for targeting comprise an antibody (or 
antigen binding fragment specific for Fc receptor, coupled to an antibody (or antigen binding fragment 
thereoO specific for a target cell epitope. 

20 Bifunctional antibodies can be produced by chemical techniques (see e.g,. D. M. Kranz et al.. Proc. Nati 
. Acad . Sci . USA 78.5807 (1981)) by "polydoma" techniques (See U.S. Patent 4,474,893, to Reading) or t?y 
recombinant DNA techniques, heteroantibodies can be prepared by conjugating Fc receptor antibody with 
antibody specific for an epitope of a target cell. A variety of coupling or cross-linking agents can be used to 
conjugate the antibodies. Examples are protein A. carboiimide, and N-succinimidyl-3-(2-pyridyldithio) 

25 propionate (SPDP). SPDP is the preferred agent: procedures for crosslinking antibodies with this agent are 
known in the art. See e.g., Karpovsky et al.. (1984) J . Exg. Med, 160:1686; Uu. M.A. et al.. (1985) Proc . 
Natl . Acad . Sci USA 82:8648. 

Target cells are cells whose elimination would be beneficial to the host. One important type of cell is a 
tumor cell. Effector cells can be targeted with bifunctional or heteroantibody having specificity for FcRI and 

30 specificity for a tumor associated or tumor specific antigen. .^--^ 

Antibodies with a desired tumor specificity for production of bifunctional antitxxJy orlietSro^dntibody 
can be produced or can be selected from available sources. Monoclonal antilx)dies against tumor- 
associated antigens can t>e made by the methods of Koprowski et al.. U.S. Patent 4.172.124. Many suitable 
anti-cancer antibodies are presentiy available. 

35 Specific anti-tumor antilxxJies would include, but not be limited to: 

Antibody Specificity 
AML-2-23, PM-81, PMM-6, PMN-19 Myeloid Leukemia 
^ SCCL-1, SCCL-175 Small Cell Carcinoma 

of the Lung 

OCl-25, OVCT-3 Ovarian Carcinoma 

45 COL-1, COL-2, COL-3, ... COL-13 Colon Carcinoma 

In addition to tumor cells, the effector cell can t>e targeted against auto-antibody producing lymphocyte 
for treatment of autoimmune disease or an IgE-producing lymphocyte for treatment of allergy. The target 
can also l>e microorganism (bacterium or virus) or a soluble antigen (such as rheumatoid factor or other 
auto-antibodies). 

Effector cells for targeting are human leukocytes, preferably macrophages. Other cells would include 
monocytes, IFN-gamma activated neutrophils, and possibly IFN-gamma activated natural killer (NK) cells 
and eosinophils. Macrophages can be treated with IFN-gamma b fore targeting, to increase th numtwr of 
Fc receptors for attachm nt of th targeting antibody or heteroantibody. The effector cells may also be 
activated before targeting by other cytokin s such as tumor necrosis factor, lymphotoxin. colony stimulating 
factor, and interleukin-2. If desir d. ffector cells for targeting can be obtained from th host to be treated. 



50 



55 



5 



0 255 249 



The targeted effector cells can be administered as a suspension of cells in a physiologically acceptable 
solution. The number of cells administered can be iii the order of lO^-ICP but will vary depending on th 
therapeutic purpos . In general, the amount wili be sufficient to obtain localization at the target cell and to 
effect target cell killing by antibody dependent mediaited cytofysis (ADCC). Routes of administration can 
5 also vary, tn tumor therapy, for instance, depending upon the localization of a tumor, the targ ted eff ctor 
cells could be administered intravenously, or directly into tumor sites; as for example, dir cOy into the 
peritoneal cavity in the case of varian carcinoma. 

Therapy with targeted effector cells can be performed In conjunction with other techniCiues for removal 
of targeted cells. For example, anti-tumor therapy with effector cells armed with FcRl/anti-tumor antibody 

TO can be used in conjunction with surgery, chemotherapy or radiotherapy. Additionally, combination im- 
munotherapy may be used to direct two distinct cytotoxic effector populations toward tumor cell rejection. 
For example, anti-tumor antibodies linked to anti-T3 that will trigger cytolytic T lymphocytes to lyse tumor 
cells may be used in conjunction with anti-RcRI antitumor hetero-antibodies. Protocols based on these 
concepts may be especially effective in removing residual tumor cells in patients induced into remission by 

J5 chemotherapy and irradiation. 

The anti-Fc receptor antibody of this Invention has additional utility in therapy and diagnosis. The Fc 
receptor antibody itself can be a targeting antibody (i.e.. to target for cells bearing FcRI receptor). The 
antibody can be used to target lipid vesicles containing anticancer drugs for treatment of certain hematolog- 
ical cancers (e.g. acute myeloid leukemia), or to target lipid vesicles containing factors (such as gamma- 

20 IFN) which activate monocytes. The antit>ody. if of the appropriate murine IgG subclass (e.g.. lgG2a). can 
be used directly in vivo to eliminate Fc receptor bearing cells (e.g.. myeloid leukemia cells) via natural 
complement or ADCC mechanisms. ' 

The antitxjdy can be employed to modulate Fc receptor levels on monocytic cells. For example, in 
auto-immune diseases (such as rheumatoid arthritis) the antibody can be administeredin a form that induces 

25 "capping" and elimination of Fc receptors on the cell surface. The reduction of Fc receptors can interfere 
with monocyte clearance of antibody coated self-cells in patients. Mixtures of anti-Fc receptors can also be 
used for this purpose. 

Diagnostic applications of the anti-FcR antibody of the invention can be based on the use of the 
antibody to quantify the distribution or number of Fc receptors on cells. The antibody can be employed in 
30 assays for agents which influence receptor expression (e.g.. interferon-gamma, which enhances Fc receptor 
expression). For example, in an assay for interferon-gamma the anti-FcRI antibody labeled 
(radioisotopicaily. enzymatically or fluorescently) can be used to quantify FcRI levels on cells exposed to a 
test sample. Receptor levels will be related to the amount of interferoon-gamma in the sample. 

The antibody can also be used to subclassify patients with rheumatologic disorders which are related to 
35 Fc receptor levels or to the ability of a patient's cells to respond to interferon by enhanced expansion of Fc 
recptors. 

Based on tiie increased expression of FcRI on IFN-gamma plus dexamethasone-treated monocytes it is 
anticipated tfiat anti-FcRI monoclonal antibodies will be excellent mariners of inflammatory macrophages. It 
is possible that the accumulation and activation of mononuclear phagocytes at sites of inflammation 
40 Oncluding but not limited to infectious foci, septic arthritis, atherosclerotic plaques) can be detected by 
radio-imaging using radiolabelled antitxxlies to the FcRI on such cells. 

The invention is illustrated further by the following non-limitative exemplification: 



4S Exemplification 

Materials and Methods 
Chemical and Reagents 

50 

Cytochrome c Type VI. superoxide dismutase. pepstatin, chymostatin, leupeptin, antipain. rabbit muscle 
actin and phenylmetiiylsulfonylfluoride (PMSF) were purchased from Sigma Chemical Co.. St Louis. MO; 
Dextran T500, Ficoll-Hypaque. Sepharose 4B. CNBr-activated Sepharose. Protein A^Sepharose CL-4B from 
Pharmacia Rne Chemicals, Piscataway, NJ; t tanus toxin, octyl-b-D-glucopyranoside (octyl-glucosid ) and 
55 papain from Calbiochem. La Jolla, CA; human anti-tetanus toxin antibody (HyperTetTU) from Cutt r 
Laboratori s. Bericel y. CA; chloroglycouril from Pi rce Chemical Co.. Rockford. lU carrier-free - 
{IMS.300) from Amersham. Ariington Heights, lU cytochafasin 8 from AWrich Ch mica! Co.. Milwaukee. WI; 
goat F(ab')2 antimurine Ig (anti-mlg), both fluorescein isothiocyanate-conjugated (FITC) and unconjugated. 
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from Cappel. West Chester. PA, unless indicated otherwise: RPMI 1640 from Gibco. Grand Island NY and 
from K C Biologicals. Lenexa, KS; F tal bovine senjm (FBS) fr m Stent Systems. Logan UT; and a milrture 
of low molecular weight markers from Biorad. Richmond. CA. Recombinant gamma interf ron was kindly 
donat d by Genentech. South San Francisco. CA 1.25-dihydroxycholecaIcifsrol 0J2S(OHhD3) was a gift 
5 from Hoffman URoche. Nutley. fMJ. Gth r chemicals were of analytical grade and w r obtained com- 
merically. 

NP40 lysis buffer contained 1% NP40. IIOmM NaQ. lOmM EDTA. 2mM PMSF. 10ug/ml pepstatin 
lOug/ml chympstatin. lOug/ml leupeptin and lOugAml antipain in 20 mM Tris buffer. pH 7.1. Krebs Ringer 
phosphate buffer with glucose (KRPglu) consisted of 135mM NaCI. 5 mM KCI. 1.2mM MgS04. ImM Cacb 
10 4.3mM glucose in lOmM sodium phosphate buffer, pH 7.4. Phosphate buffered saline 9PBS)'was 145mM 
NaCI in 20mM phosphate buffer. pH 7.0. PBS-K contained 130mM NaCI and 5mM KCI in lOmM ohosDhate 
buffer, pH 7.4. *^ 



IS Antibodies 



The monoclonal antibody against the high affinity FcR (herein designated mab 32 and when subcloned. 
32.2). was prepared as follows: A partially purified detergent lysate of the high affinity FcR from U937 cells 
was obtained in a manner similar to a published method (See Anderson. C.K.. et al.. (1984) J. Immunol 
20 134:465-470). U937 cells were lysed in 1% NP40 and the lysate was allowed to incubate wim Sepharose 
hIgG for 8 hours. The adsorbent was washed thoroughly and was eluted with 0.5M acetic acid in 30mM 
octylglucoside. The eluate was promptly neutralized with 2M Tris and the amount of protein eluted was 
determined by a Folin assay (Peterson. G.L. (1977) AnaL Biochem . ^: 346-356). The tubes containing the" 
bulk of the protein were pooled, concentrated by vacuum dialysis using an Amicon YM-10 filter and a 
25 Minicon apparatus to 0.5ml and emulsified with an equal volume of Freund's adjuvant, either complete for 
the first injection or incomplete for subsequent ones. A mouse was immunized intraperitoneally 4 times at 
roughly 4 week intenrals. the lasT 2 immunizations using antigen derived from U937 cells cultured 72 hours 
in IFN-gamma. 100 IRU/ml, to increase the yield of FcR (Guyre. P.M.. et al . (1983) J. Clin. Invest . 72:393- 
397). Five days following the last immunization, the splenocytes were fused with cells of the NSI myeloma 
30 line by standard techniques (Kohler. G. and Milstein. C. (1975) Nature. 256:495; Ball. E.D.. et al.. (1982) 
PNAS 79:5374-5378). Supernatants of the hybrids were screened for their ability to bind to UgsTcTHs by an 
indirect immuno-fluorescence assay using a flow cytometer. Chosen hybrids were cloned by limiting 
dilution, rescreened and expanded either in culture or in ascites fluid. The protein from clone mab 32 was 
found to be an IgGi antibody by an immunoblot assay using isotype-specific antisera. IgG of this clone was 
35 precipitated from ascites by making the solution 40% in ammonium sulfate. The precipitate was redissolved 
and dialyzed against 20mM Tris buffer. pH 8.6. High performance on exchange chromatography (HPLC) 
was carried out on a semi-preparative PR0TEIN-PAK-5PW (Waters. Milford. MA) column. The initial eluting 
buffer was 20mM Tris. pH 8.6 delivered by pump A. 20mM Tris. 0.3M NaCI. pH 8.6 was delivered by pump 
^ B. A sixty minute linear gradient. 0-100% B. at a flow rate of 8 ml/min was used for elution. The main peak 
40 conresponding to IgG was pooled. For some experiments the purified IgG was passed over a 
SepharoseProtein A column to remove traces of lgG2a to less than 0.005%. Pepsin digestion of whole 
antibody was perfonned essentially as described by Parham (See Parham. P. (1983) J. Immunol . 131 : 
2895-2902) except that the digestion time was 3 hr and the pH 3.6. F(ab02 was purified by high 
performance gel filtration chromatography using a TSK 250 column (Biorad). Fab' was made from F(ab')2 
45 by reducing with ImM dithiothreitol for i hr at room temperature and alkylating with an excess of 
iodoacetarnide. The Fab' was purified by HPLC using the TSK 250 column. 

The preparation of mab 22. mab 44. mab 62 and mab 197 were as above, except that for mabs 22. 44 
and 197 the immunogen was IFN-gamma-and dexamethasone activated U937 cells. Ail procedures and 
preparations were the same as for mab 32. 
50 The preparation and properties of monockwial IV3 have been described. See e.g. Looney. R.J. et aj. 
(1986) J. Immunol. 136 :1641-1647. IV3 was used as supernatant fluid from the culture of ctoned cells. Fab 
fragments of IV3 were prepared as described Looney. a J. et al. IgG or IgM fractions of murine monoclonal 
antibodies or myekima proteins MOPC 141 (lgG2b). anti-Vk3b (lgG2b). P3 (IgGi). AML-2-23 (lgG2b). MY23 
(IgGi). RPC5 (lgG2a) and MMA (IgM) were purified from ascites fluids by on exchange chromatography 
55 unless otherwise indicated. In some cases, the supernatant fluid of cloned hybridoma cells was used. 
Gap8.3 ascites fluid was donated by Dr. Christoph r Francz, Department of Pediatrics. University of 
Rochester. MY7 was purchased from Coult r. Hialeah. FL Leu-M3. an anti-monocyte monoclonal antibody, 
was obtained from Becton-Olckinson. Mountain View. CA. 
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Immune complexes containing human IgG were prepared by incubating tetanus toxin {200Lf/ml) with 
t?^^ ^ coniplexes w re pelleted by centrifugation at 

13.000 X g for 1 min. washed nee with PBS-K. and resuspended In th original volume of PBS-K. Protein 
cone ntration was detemiined by adding 0.1 M NaOH and measuring absorbance at 280 nm. assuming an 
extinction co fficient (1%) of 14. Pooled human IgG purified by ion xchange chromatography was 
covalently linked to Sepharose 4B by a modilieaiion of the cyanog n bromide technique (March S C et al 
(1974) Analjrt, Biochem. ©0:149-152) at a ratio of 7.6mg IgG/ml Sepharos . Anti-mlg was finked to CNBr- 
actvated Sepahrose according to the manufacturer's instructions at a ratio of Img protein/Hil Sepharose 
Pnor to use the Sepharose adsorbents were washed x4 with 1% NP40 in PBS containing 5mM Kl. 

Cells 

Human granulocytes were obtained from the peripheral blood of normal donors by separation from 
mononuclear cells on Rcoll-Hypaque. sedimentation of erythrocytes using 3% dextran in PBS and finally 
hypotonic lysis of residual erythrocytes. Preparations were 98% granulocytes. Mononuclear" cells were 
obtained by Rcoll-Hypaque separation (Boyum. A. (1968) Scand. J, Clin. Lab. Invest. 21:77-83 (Supple 77)- 
). Cells of the U937. HL60. K562. Daodi. Raji. Moit4. Jurkat and J77riin'irw;;iri;7ai;;{ained in continuous 
culture as descnbed. Many of the cell lines used were obtained from the American Type Culture Collection 
All cells were washed x3 in PBS prior to use and were 95% viable when tested by trypan blue exclusion. 

Radiolabelinq and Affinity Adsorption 

Cells were surface radioiodinated by the chloroglycouril method (Fraker. P. J. and Speck J C "(1978) 
Biochem^Biophys. Research Comm . 80:849-857). 0.7 ml cells in PBS at 14.3 x lO^/ml were incubated with 
1 mCi '»! for 30 mm at CC in a scintillation vial coated with 5 ug chloroglycouril. The reaction was 
quenched and the cells were washed x3 with 5 mM Kl in PBS. The cells were then lysed in NP40 lysis 
buffer for 30 min at 0°C. Cell nuclei and other insoluble material were pelleted by centrifugation at 7800 xo 
for 20 min. » w 

SDS-PAGE and Isoelectric Focussing 

Sepharose-anti-mlg (25ul) was sensitized with monoclonal antibodies by incubating for 3 hrs at 4'C with 
100 ul supernatant fluid or Ig purified from ascites fluid (lOug/ml) and the unbound material washed away 
x4 with 0.7Sml BSA/PBS. Portions of labeled cell lysate (50ul) were incubated for 2 to 12 hr at O'C with 
25ul antibody-sensitized Sepharose-anti-mlg. Separate 50ul portions of lysate were incubated with 25ul 
Sepharose-hlgQ. The Sepharose conjugates were washed x7 with 0.75ml 1% NP40/PBS/KI and in 
preparation for sizing gel electrophoresis were incubated for 2 min in a boiling water bath with 80ul Uemmli 
sample buffer containing 20mM dithiothrietol instead of 2-mer<aptoethanol. The supernatant was acetylated 
by adding 5ul 1M iodoacetamide and was analyzed by SDS-PAGE and autoradiography as described- 
/^derson. C. L (1982) J. Exg- Med. 156:1794-1805. The molecular weight markers included in all gels were 
»l-bovine serum albumin. ^^-rabbH muscle actin. Phosphorylase B. ovalbumin, carbonic anhydrase 
soybean trypsin inhibitor, and lysozyme. For isoelectric focussing, the washed adsorbants were incubated 
for 15 mm with 80ul of the urea-containing O'Farrell sample buffer and the eluates were electrophoresed on 
a vertical slab gel prepared as described for the first dimension of the O'Farrell procedure. See O'Farrell. P. 
H. (1975) J. Biol. Chem . 250:4007^21. The pH gradient was determined by cutting the lateral lanes of the 
gel into icm sections and incubating each section overnight in 1ml H2O. The gels were stained and dried, 
and autoradiographs were prepared using prefogged x-ray film and enhancers at -70«C as described. See 
Anderson. C. L. Supra Densitometric tracings of the p72 band appearing on autoradiographs were enlarged 
157% using a photocopier and were cut out with scissors and weighed. 
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Binding and Inhibition Experim nts 

A human IgGi myeloma, protein (Arr) and the IgG fraction of mab 32 were radioiodinated by the 
chloroglycouril method to a specific activity of 1-5uCi/ug. Preliminary experiments established that equilib- 
rium and saturation were achieved with 4 x 10' U937 cells/ml aft r 2hr at 0*C at 0.3 ug/ml for mab 32 and 
1.5ug/ml for hIgGl. Inhibition of the binding of both i^sj^^igQ and ^25|^ab 32 to U937 cells by unlabeled 
preparations of both hIgGi and mab 32 was evaluated by inculcating the radioligand or radioantibody with 
cells in the presence of titered amounts of unlat>eled antit>ody or ligand under the above conditions. Cell- 
, bound radioactivity was separated from free by centrifuging triplicate SOul portions of the cells suspension 
through an oil mixture as described. Anderson. C. L and Abraham, G. N. (1980) J. Immunol. 125:2735- 
2741. Nonspecific binding was measured in replicate samples containing a great excess of ligand (3mg/ml) 
or antibody (333ug/ml). Percent inhibition was calculated as described. Anderson. C. L and Spiegelberg H 
L (1 981 ) J. Immunol. 1 26 :2470-2473/ 



Ruorescence and Row Cytometry 

One million cells were incubated for 2 hr at 4'C in SOul of antibody (either mab 32 or fV3 supernatant 
or lOug/ml solutions of purified IgG fractions of ascites fluid) diluted in RPMI 1640 growth medium 
containing 4mg/ml hIgG to block nonspecific binding. The cells were washed x3 in PBS containing 0.1% 
NaNj, were resuspended and incubated for 2 hr at 4*C in 50ul RTC anti-mIgG (TAGO. Burlingame. CA, or 
Boehringer-Mannheim. Indianapolis. IN), and were washed a final 3 times. Stained cells were analyzed on 
an Ortho 50H Cytofluorograf flow cytometer using argon lasers at 300mW or SOOmW power. Green " 
fluorescence was collected through a 525 nm bandpass filter on 10.000-50.000 cells gated for low angle 
light scatter (to exclude erythrocytes, platelets, dead cells and debris) and 90*C light scatter (to distinguish 
monocytes or neutrophils from lymphocytes). See Salzman, G. C. et al. (1975) Acta Gytol . 19:374. The 90* 
light scatter signal characteristic of monocytes was determined by separately staining an aliquot with anti- 
monocyte antibody Leu-M3. Based on these data, gates for 90** light scatter were adjusted so that the 
green fluorescence signal of monocytes and lymphocytes in mononuclear cell suspensions could be 
separately collected. Green fluorescence was collected as a linear signal. 



Results 

The strategy for the devislopment of monoclonal antibodies against the high affinity 72kDa FcR had to 
deal with the obsevation that two of the four murine IgG subclasses. lgG2a and lgG3. bound with high 
affinity to this FcR. Thus, any assay for FcR binding would register all antibodies of these two subclasses. 
Our protocol, therefore, called for immunizing a mouse with partially purified FcR from U937 cells, 
screening the hybrid supematants for an Ig capal>le of binding U937 cells, eliminating from further 
consideration lgG2a and igG3 antibodies, and evaluating the remaining antibodies for their capacity to 
immunoprecipitate 72kDa surface molecules. (Additional monoclonal antit)odtes of this specificity 
. (designated mab 22. mab 44 and mab 197) were prepared using whole U937 cells.) 

Twenty-nine supematants from the partially purified FcR immunization contained Ig capable of binding 
U937 cells. Of these. 12 were of the lgG2a subclass. 1 was lgG3. 7 were IgGl. 2 were IgM. and 7 were 
either of mixed subclass or could not be typed. The supematants of the cultures of cloned cells were then 
evaluated for their ability to bind to a 72kDa ceil surface molecule by an affinity adsorption assay. 

Detergent lysates of U937 cells radioiodinated by the chloroglycouril method were incubated, (shown in 
Rgure 1) from left to right, with Sepharose-anti-mlg sensitized with purified murine lg<32a myeloma protein 
RPC5 (lane 1) or with mab 32 (lane 3): with Sepharose-human IgQ (lane 4); or with Sepharose-anti-mlg 
sensitized with mab IV3 (lane 5). The three samples analyzed in ttw right hand panel were eluted from 
Sepharose-anti-mlg sensitized with either intact IgG of mab 32 (lane 8). with Fab fragments of pooled 
human IgG (lane 7), or with Fab' fragments of mab 32 (lane 8). The immunoadsorbants were washed free of 
unt)ound radioactivity and the bound material was eluted in an SOS-containing sampi buff r and analyzed 
by lectrophoresis on an SOS-polyacrylamide gel followed by autoradiography. Adjacent lanes not shown 
but marked on the lateral margins of th autoradiograph contained radioiodinated bovine albumin (68kDa) 
and rabbit muscle actin (43kDa). l^ne 2 contains a mab of the lgG2a sulxrlass. 
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All of the supematants containing lgG2a and lgG3 anti-U937 antibodies adsorbed a 72kDa molecule, as 
expected. Of th remaining supematants. one IgGi (designated mab32) was found capabi of adsorbing a 
72kDa molecule and was chosen for further study. Of the remaining 6 IgGi supematants. 5 adsorbed a 
1 lOkDa molecule and one adsorbed small amounts of a 72 kOa molecul . 

Figure 1 summariz s these obs rvationis. The autoradiograph shows the 72kDa molecule purified from 
del rgent lysates of radioiodinated U937 cells with mab 32 (lane 3). Th mbl cular weight of this molecule 
as determin d on SDS-polyacrylamide gels is indistinguishable from the 72kDa FcR affinity adsort>ed by 
Sepharose conjugated with Bgand capable of interacting with the receptor. Thus, Sepharose-anti-mlg 
bearing RPC5, a murine lgG2a (lane 1), or Sepharose-human IgG (lane 4) both purify a 72kDa molecule that 
has been shown to be the high affinity FcR of U937 cells and human monocytes (See Anderson, CL. 
(1982) J. Exg. Med. 156 :1 794-1 805). An additional molecule of approximately 40kDa was adsorbed by 
Sepharose-human IgG (lane 4). This molecule is a tow affinity FcR precipitated by mab fV3 (lane 5) and 
present on other blood cells as well. 

Since mIgGi antibodies have not been found to bind to the U937 high affinity FcR and since several 
mIgGi monoclonal antibodies have failed to immunoprecipitate the 72kDa FcR (C. L. Anderson, un- 
published), it was inferred that mab 32 bound the 72 kOa molecule as an antibody by the Fab portion of the 
antibody molecule rather than as a Hgand by the Fc portion. To confimn this supposition. Fab' fragments of 
mab 32 were prepared and were tested for their ability to precipitate p72. Lane 8 of Rgure 1 indicates that 
Sepharose-anti-mlg sensitized with these Fab' fragments of mab 32 purifies the receptor, the Fab fragments 
of pooled human IgG. do not (lane 7). The 72kDa molecule purified by the intact IgG of mab 32 is shown in 
lane 6 for reference. . 

Although the autoradiograph seen in Rgure 1 shows that the molecule purified by mab 32 is of the 
same apparent molecular weight as the molecule purified by the ligands, two other methods were utilized to 
evaluate whether the molecules are identical. Rrst, lysates of radioiodinated U937 cells were precleared 
with either an affinity adsorbent of mab 32 or with a sham adsorbent (mIgGi which does not bind or 
precipitate the FcR). The precleared lysates were then tested for residual p72 by affinity adsorbtion with 
Sepharose-anti-mlg sensitized with mlgG2a. a ligand which binds this FcR, Radioactive material bound to 
the adsortjents was analyzed by electrophoresis on SDS-polyacrylamide gels followed by autoradiography 
and densitometry. 

Portions of a lysate of radioiodinated U937 cells were incubated with Sepharose-anti-mlg sensitized with 
several mabs designated as "preclearing adsort^ants" in Rgure 2. The affinity adsorbents were centrifuged 
out of suspension and the supematants were incubated with a second set of affinity adsorbants designated 
"final adsorbants". The eluates from the washed set of final adsorbants were processed as described for 
Rgure 1. A photograph of the set of 72kDa bands, the only bands appearing on the autoradiograph, is 
displayed vertically. Densitometric tracings on paper of the autoradiograph bands were cut out and 
weighed; band density is expressed as mg per band. Percent depletion of p72 by the preclearing adsorbant 
was calculated by comparing lanes 2 and 3, 1 and 4. 2 and 5. and 1 and 6. 

Comparing lanes 1 and 4 of Rgure 2. mab 32 precleared 73% of ttie p72 subsequentiy purified by 
mlgG2a, The reciprocal experiment preclearing with mlgG2a and then purifying p72 with mab 32, indicates 
that 89% of p72 was precleared with mlgG2a (lane 3) compared with the mIgGi sfiam"control (lane 2). 
Control experiments were performed in which the same reagent (mab or ligand) was used t>oth for 
preclearing and for subsequent purification. These showed the efficiency of preclearing to range from 81% 
when mab 32 was used (lanes 2 and 5) to 93% when mlgG2a was used (lanes 1 and 6). We conclude, 
therefore, that mab 32 binds to the same high affinity 72kDa FcR purified by ligand affinity adsorption. 

The third niethod used to test whether the ligand and mab 32 bind the same 72kOa molecule was 
isoelectric focusing. Rgure 3 shows the results. 

A detergent lysate of radioiodinated U937 cells was incubated with Sepharose-anti-mlg sensitized with 
either murine lgG2a myeloma RPC5 (lane 1) or mab 32 (lane 3); with Sepharose-human IgG (lane 4); or 
with Sepharose-anti-mlg sensitized with mab IV3 (lane 5). The radioactibity bound to the washed im- 
munoadsorbants was eiuted with urea-containing sample txiffer and was analyzed by isoelectric focusing 
and autoradiography. The pH gradient is shown in the left margin. Lane 2 analyzed a mab still under 
investigation. 

An id ntical patt rn of ten distinct t>ands having isoelectic points ranging from pH 5 to pH 7 was seen in 
both lanes (Rgur 3. lanes 1 and 3). A similar although subtiy distinct pattern of bands was seen in Ian 5 
analyzing the eluate from the IV3 affinity adsorbent whk:h purified only the 40kDa FcR. The eluate from 
Sepharose-human IgG which purifi s both the 72 arwJ 40 kOa molecules appears in lane 4 as a composit 
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of the two isoelectric focusing patterns with some of the p72 morecules appearing dimmer than in lanes 1-3. 
most likely becaus the p72-Iigand bond resists dissociation by urea unlike the p40-Iigand bond and unlike 
antibody-antigen interactions (lanes 1-3). Thus, th se data further substantiate th identity of the 72 kDa 
molecules purifi d by both FcR ligands and mab 32. 

5 Sine IFN-gamma enhances th expression of the high affinity FcR, we used indirect im- 
munofluor scene and flow cytom try to examin the binding of mab 32 to control and IFN-gamma-tr ated 
U937 cells. Table 1 shows a 3-fold incr ment in bindrng of both mab 32 and a murine lgG2a my loma 
protein to IFN-gamma-induced U937 cells. We also determined whether hIgG interferes with the binding of 
mab 32 to the FcR of U937 cells, AS seen in Table 1. hlgO significantly blocked the binding of mlgG2a to 

10 the FcR of U937 while the binding of mab 32 was unaffected. This suggests that mab 32 binds to the 
72kDa FcR at a site distinct from the ligand binding site. 



Table 1 



Binding of Mab32 to Control- and IFN 
Treated U937 Cells 



20 



25 



30 



35 



40 



45 



SO 



55 



First Antibody 



P3 (mlgGl) 
Mab32 (mlgGl) 
RPC5(mIgG2a) 



Mean Fluorescence Intensity 



U937 without IFN 



no hlqC 

39±1 
15914 
186+16 



hlqC 

46±4 
150 + 6 
47±2 



U937 with IFN 
no hlqG hlqG 



55±1 
423±8 
537±8 



52±6 
410±6 
78 + 4 



5x105 cells from triplicate cultures of U937 cells grown 48 hours with or without 100 IRU/ml IFN were 
incubated for 2 hours at 4»C in 60 ul RPMI-1640 containing BSA (2mg/ml) and 40 ug/ml IgG fraction of the 
mlgGl myeloma P3. and MlgG2a myeloma RPC5 (Litton Bionetics) or Mab32. Replicate mixtures contained 
4 mg/ml hIgG to block the FcR binding site. After 3 washes (1 ml cold PBS/BSA, 1 mg/ml) the cells were 
incubated 2 hours at 4''C with 100 ug/ml FITC anti-mlg (Boehringer-Mannheim). washed with PBS/BSA and 
fixed in 1% formalin. The cells were analyzed on an Ortho 50H Gytofluorograf using 300 mW excitation at 
488 nm. Results are expressed as mean fluorescence intensity t SD of triplicate cultures. The mean 
fluorescence intensity of unstained cells (autofluorescence) was 25^2, 

We further quantified the ability of boih mab 32 and a ligand, in this case a human IgGi (hIgGi) 
myeloma protein (Arr). to inhibit the binding to U937 cells of either ^^l-human lgGl (Arr) or ^^-mab 32. 
Figure 4 shows the results of these inhibition experiments. Under conditions of saturation and equilibrium. 
U937 cells were incubated at 4'C with '25|.mpuse niyeloma lgG2a (UPC 10) or '25|.niab 32 in the presence 
of varying amounts of unlabeled human IgGi. Bound labeled antibody was separated from free by 
centrifuging the ceils through oil and was quantified by counting the radioactivity associated with the cell 
pellets. Nonspecific binding measured in the presence of a great excess (100 fold) of unlat)eled antitjody 
was subtracted from total binding to give spedfic binding. Percent inhibition, calculated as described in 
Materials and Methods, was plotted versus the concentration of inhibitor protein. Nonspecific binding was 6- 
8% of total binding. 

As seen in figure 4. human IgG at concentrations found in human serum (10-15 mg/ml) does not inhibit 
the binding of mab 32 to Fc receptors on U937 cells. On the other hand, if a ligand which binds to the Fc 
receptor through the ligand's Fc region is used, serum levels of IgG Inhibit the binding by more ftian 95%. 
In figure 4. the mouse myeloma IgG 2a designated UPC-10 was used as me ligand. Identical inhibition by 
human IgG has also been demonstrated in experiments using human IgGl as the ligand. We conclude that 
the binding of mab 32 to cells does not interfere with ligand binding to the FcR binding site and that ligand 
binding does not inhibit mab 32 binding. 

The types of cells which bear the pitope recognized by mab 32 were valuated by indir ct 
immunofluorescence and flow cytom try and data ar presented in Table 2. It is apparent that mab 32 
binds to those cells which are known to bear the high affinity IgG FcR. namely U937, HL60, and monocytes. 
Lymphocytes wer negative as were the B cell lines Ra/i and Oaudi. and the T cell lines Molt4 and Jurkat 
Some samples of neutrophils showed low lev I binding of mab 32. Rgure 5 shows the fiuoresc nc 
intensity of cells stained with mab 32. Each panel displays histograms of fluorescence intensity vs cell 
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number for cells stained with mab 32 (shaded area) and murine monoclonal lgG2b control (solid lin ). Cells 
shown are: a) lymphocytes, b) monocytes, and c) U937 cells. Monocytes and lymphocytes fr m a singi 
susehsion of blood mononuclear cells were identified by gating on forward and 90*» light scatter. Pan Is a 
and b are 64 channel histograms (20,000 cells counted). The fluorescence detection gain was set at 1500 to 
5 bring the lymphocytes on seal . Pan I c is a 256 channel histogram gated on forward angle light scatter 
(11,000 cells counted). The fluorescence detection gain was set at 1400. The scale of fluorescence int nsity 
uriits was calibrated by fluorescent microspheres. 
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Table 2 



75 



20 



25 



Staining 


Intensity of 


Mab32 on 


Various Cell 


Types 


Cell Type 


Mean 


Fluorescence 


Intensity 






Mab3 2 


Control 


n 


inIqG2a 


n 


U937 


103±48 


26±10 


11 


92±20 


6 


HL60 


78±18 


16±7 


7 


80±26 


3 


Monocytes 


113±37 


29±11 


8 






Lymphocytes 


10±2 


9±3 


2 






Neutrophils 


30±4 


23±3 


2 






Daudi 


34±3 


33±2 


3 






Raj i 












Molt4 


18±2 


18±2 


3 






Jur)cat 


22±3 


23±3 


3 







The specfic methods of this experiment are de- 
30 tailed in Methods and Materials. In brief, cells from 

various lines, peripheral blood mononuclear cells and 
purified granulocytes were incubated first with either 
Mab32 or mIgG2a and with control myeloma proteins of 
the mlgGl subclass. The washed cells were then incu- 
35 bated with FITC anti-mlg, washed again, and analyzed 

for fluorescence intensity by flow cytometry. Results 
are expressed as mean fluorescence intensity (MFI) in 
arbitrary units ± SD. 



As illustrated in Figure 5, it should be noted that in spite of some overlap in the fluorescence intensity 
distribution of cells stained with mab 32 and control antibodies, fluorescence intensfty plots of all positive 
cell types indicated a unimodel distribution with mab 32. This suggests that the entire populations of HL60, 
U937 cells and mono-cytes, rather than just a major subpopulation, were positive for binding of mab iz. 



Discussion 

The development of monoclonal antibodies against the high affinity FcR for IgG of human mononuclear 
50 phagocytic cells was a particular challenge because two sul>classes of murine IgG, lgG2a and rgG3 are 
. ligands capable of binding with high affinity to this receptor (Anderson G, L and Abraham. G.N. (1980) J. 
Immunol . 125 : 2735-2741; Zubeck, M.D. et al (1985) J. Immuol . 135 : 1299-1304). Thus, any assay for 
mabs capable of binding to the receptor would register as positive all antibodies of these two subclasses. 
Our strategy was designed to deal with this obstaci . however, and we were successful in obtaining 
55 m noclonal antibodies of the IgGi subclass capable of binding this receptor at sit s on the out r surface of 
the plasma membran distinct from th ligand binding sit . The data supporting this conclusion can b 
summarized bri fly for the prototype antibody mab 32: 
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Rrst. mab 32 is of the IgGi subclass. This murine IgG subclass has been found incapable of binding to 
the high affinity FcR. Se e.g. Anderson, C. L and Abraham, G. N. (1980) J . Immunol . 125: 2735. Of the 
seven IgGi mabs with anti-U937 activity d rived from the fusion described"atx>ve, four of them adsorbed 
only a IIOkDa molecule from lysates of surface radioiodinated U937 cells. Thus, adsorption of the 
72kDaFcR is not a general property of IgGi proteins. (Of the two remaining IgGi mabs. one adsorbed small 
amounts of a 72kDa molecule and the oth r adsort)ed t>oth a 72kDa and a 110 kOa mol cule; these have 
not yet been further investigated.) N vertheless, to eliminate the possibility that mab 32 was a variant IgGi 
which bound through its Fc region to the FcR, we tested the capacity of Fab' fragments of mab 32 to 
adsorb the 72k0a FcR and found that binding occurs independently of the Fc portion of the mab (Rg. 1). 

Second, our data show that the 72kDa molecule adsorbed by mab 32 is the same molecule identified 
as the high affinity FcR by several criteria previously described. See Anderson, 0. L (1982) J. Exp. Biol. 
156 : 1794. Not only do the molecules appear identical by polyacrylamide gel electrophoresis in SDS 
(Rgure 1) but the isoelectric focussing patterns of the two molecules are the same as well (Rgure 3). The 
marked heterogeneity of charge of this molecule has been ascribed to terminal sialic acid residues. The 
preadsorption experiments shown in Rgure 2 also support the contention that the 72kDa molecules bound 
by both ligand and mab 32 are identical. Either ligand or rhab 32 is capable of removing the same 72kDa 
molecule from detergent solution such that it is no longer available to the other for adsorption. 

Third, the data indicate that mab 32 binds to a site on the 72kDa FcR distinct from the site where ligand 
binds {Rgure 4. Table 1). This observation constitutes direct evidence that in fact mab 32 is not binding to 
the receptor as a ligand. for if it were it should inhibit ligand binding. The capacity of mab 32 to bind the 
ligand-occupied FcR should prove useful in a number of circumstances involving detection of the receptor 
in the presence of ligand. To date this has been impossible. 

Fourth, it is quite clear from Table 2 that the only cells which bear the epitope recognized by mab 32 ^ 
are those which bear the 72kDa high affinity FcR. namely, monocytes, HL60 cells and U937 cells. This 
correlatiOfTis- further evidence that mab 32 is directed against the high affinity FcR. Neutrophils, according 
to the data of Table 2, are the only other cells capable of binding mab32. but the extent of binding is so low 
as to be equivocal. Given observations that IFN-gamma induces the expression of this high affinity FcR on 
neutrophils, it is conceivable that the neutrophils of normal subjects show subtle evidence of induction of 
this receptor. 



Anti'Fc Receptor - Anti-Target Cell Antibody Hetero-aqqreqates Mediate Human Monocyte ADCC 

The JgGt. monoclonal antibody 32.2. raised against the 72 kd monocyte high affinity Fc receptor was 
used to examine the role of this receptor in ADCC. Whole 32 or its Fab fragments were cross-linked to Fab 
fragments of rabbit anti-chicken red blood cells (cRBC) using the agent SPDP. The resulting heteroagg- 
regates (32 x Fab anti cRBC) mediated monocyte and U937 cytotoxicity against cRBC. See Rgure 6. The 
covalent association between the anti-Fc receptor and anti-target Fab was found necessary in order for 
ADCC to occur, since non-cross linked mixtures of 32 and Fab anti-cRBC did not promote ADCC. See 
Rgure 6. U937 cells did not perform appreciable levels of ADCC unless stimulated with IFN-gamma; but 
ADCC for these cells was stimulated 3 fold vnth IFN-gamma. (See Rgure 7) In contrast unstimulated 
human, peripheral blood monocytes (PBM) were able to kill cRBC in the presence of 32 x Fab anti-CE 
heteroantibodies, and cytotoxicity was increased by IFN-gamma (Rgure 8). A control heteroantibody of Fab 
32 X Fab anti- Streptococcus mutans did not stimijiate control or IFN-gamma treated monocytes or lyse 
cRBC targets. See Rgure 8. 32 x Fab anti-cRBC promoted cell lysis by U937 cells was not inhibited by 
high levels of blocking IgGi. while cytotoxicity mediated by rabbit anti-cRBC antibody was readily inhibited 
by IgGi, both with IFN-gamma treated and untreated U937 cells. See Rgure 9. Fab 32 x Fab anti-cRBC- 
promoted killing by human PBMs, with or without IFN-gamma treatment was not inhibited by increasing 
levels of blocking IgGi. Rabbit anti-cRBC antibody promoted killing was quickly inhibited by IgGi 
regardless of IFN-gamma induction. See Rgure 10. 

In an attempt to define the cell surface determinants on human monocytes that act as trigger molecules 
for cytotoxicity, hybridoma cells (HC) which produced antibody directed to various human monocyte surface 
molecules were selected for high expression of surface Ig and used directly as target cells. Hybridoma cells 
expressing surface Ig dir cted to the high-affinity FcgR were efficiently killed by human moncytes. whereas 
hybridoma cells xpressing surface Ig directed to oth r molecul s present on th monocyte membrane 
were not lysed. Thus, FcgRI, when appropriat ly triggered, spedfically Initiates monocyte-mediated 
cytolysis of tumor target c lis. (Graziano and Farger. 1987 J. Immun 138 945-950). 
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In previous studies, it has been indicated that IFN-gamma incr ases both the numb r of FcgRI 
molecules per monocyte and the ability of moncicytes to mediate ADCC. In the work described h re. 
tr atment of monocytes with IFN-gamma did not consistently augment their ability to lyse a hybridoma cell 
(HC 32^) xpressing high levels of surface Ig to FcgRI. However, a differ nee was noted In the 
susceptibility to monocyte-mediated killing of hybridomas bearing low (HC 32J2C) and high levels of surface 
Ig anti-FcgRI. Untreated monocytes were able to mediate lysis of both the high (HC 32^) and low (HC 
Z22A) surface Ig-bearing cells. In contrast IFN-gamma treated monocyt s lysed th <wo targets equally - 
well. Thus, it appears that IFN-gamma enhances the capability of the monocyte to mediate antibody- 
dependent killing under conditions where limited antibody lis available on the target 

Cytotoxicity of the anti-FcgRI-bearihg cell line HC 32J2C was inhibited by soluble 32.2 antibody but not 
by monomeric human IgG. the natural ligand for the receptor. Although this is not altogether surprising 
since MAb 32.2 binds to an epitope outside the binding site of FcgRI, it does demonstrate that the ligand 
binding site of FcgRI need not be occupied in order to trigger human monocytes to kill tumor cells. 
Furthermore, using mab 32.2 and a second anti-mouse reagent we have shown that the release of 
superoxide anion from monocytes requires bridging of FcgRI, suggesting that cross-linking of-mceptors 
may also triggr tumor cell cytotoxicity by the monocyte. Certainly target cells coated with antiljody and, in 
the present studies, hybridoma cells expressing multiple anti-FcgRI antibodies per cell would create 
extensive receptor cross-linking on the monocyte cell surface. 

Although in the present study the antibody to FcgRI involved in triggering cytotoxicity was expressed 
on the surface of the HC that produces it. mab 32.2 may be directed to the surface of other types of tumor 
cells by linking it to an anti-tumor-specific antibody. The resulting hetero-antibody could link tumor cells to 
monocytes by way of the FcgRI and may trigger lysis of the tumor cell. These reagents would be attractive , 
therapeutic agents, because they would activate and use normal cytotoxic mechanisms present in the host. 
In addition, because mab 32.2 binds to a region of the FcgRI outside the normal Fc binding site, human IgG 
or immune complexes would not interfere with its binding in vivo. We have in fact prepared hetero- 
antibodies that mediate cytotoxicity by monocytes. In particular, reagents composed of the Fab' of mab 
32.2 and the Fab' of rabbit anti-chick erythrocyte (CE) antibody mediated killing of CE by monocytes and 
by IFN-gamma-treated U937 cells. This killing was not blocked by human lgGl. In contrast, hetero- 
antibodies composed of Fab fragments of W6/32 and anti-CE antibodies did not mediate killing of CE by 
monocytes, again suggesting the specificity of FcgRI in triggering cytotoxicity. 

More importantiy. we have prepared hetero-antibodies of mab 32.2 and a monoclonal antibody (SCCL- 
175) to human small cell carcinoma of the lung (SCCL). We have shown that this heteroantiljody can 
mediate killing of SCCL cells in vitro by human monocytes (see table 3). Thus, appropriate hetero-antibody 
can mediate lysis of human tumor cells by human monocytes, 

TABLE 3 

ADCC OF SCCL CELLS BY 
HUMAN MONONUCLEAR CELLS 

E/T 

Heteroantibody ug/ml 40:1 60:1 80:1 

% specific cytotoxicity 



SCCL-175 X 32 25 18 24 11 

100 31 37 26 

The invivo fficacy of heteroantit)odies composed of mab 32^ and anti-tumor antibodies may be 
enhanced by the use of physiotogic mediators such as IFN-gamma or cateitriol. 
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Equivalents 

Those skilled in the art will recogniz , or be able to ascertain using no more than routine experimenta- 
tion« many equivalents to the specific embodiments of th invention d scribed herein. Such equivalents are 
5 intended to be ncompassed by the following claims. 



Claims 

TO 1. A human Fc receptor-specific monoclonal antibody, the binding of which to Fc receptor is not 

blocked by human immunoglobulin G. 

2. A monoclonal antibody which binds, through its antigen binding region, specifically to the high affinity 

Fc receptor for IgG on human monocytes, the antibody binding site on the receptor being distinct from the 

ligand binding site for Fc. 
15 3. A monoclonal antibody which: 

a. binds specifically to an epitope of the high affinity Fc receptor for IgG on human monocytes, the 
epitope being distinct from the ligand binding site for Fc of the receptor; 

b. is capable of binding to IgG-occupied Fc receptor; and 

c. is not blocked from binding to the receptor by human IgG. 

20 4. Monoclonal anii-FcRI antibodies selected from the group consisting of mab 32. mab 22. mab 44. 
mab 62 and mab 197. 

5. A bifunctional antibody or heteroantibody, comprising: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of which 
to human Fc receptor is not blocked by human immunoglobulin G; and 
25 b. at feast one antigen binding region specific for a target epitope. 

6. A bifunctional antibody or heteroantit^ody according to claim 5. wherein the anti-Fc receptor antibody 
is specific for the high affinity Fc receptor for human Ig. 

7. A bifunctional antibody or heteroantibody according to claim 5 or claim 6. wherein the anti-Fc 
receptor antibody is selected from the group consisting of mab 32, mab 22, mab 44, mab 62. mab 197 and 

30 anti-FcRI antibody 62. 

8. A bifunctional antibody or heteroantibody according to claim 5. 6 or 7, wherein the target epitope is 
that of a cancer cell, that of an infectious agent, or that of an antibody-producing cell. 

9. A bifunctional antibody or heteroantibody. comprising: 

a. at least one antigen binding region derived from an antibody which 

35 i. binds specifically to an epitope of the high affinity Fc receptor for IgG on human monocytes, the epitope 
being distinct from the ligand binding site for Fc of the receptor; 
ii. is capable of binding to IgG-occupied Fc receptor; and 
tii. is not blocked from binding to the receptor by human IgG; and 

b. at least one antigen binding region specific for a target cell. 

40 * ^0. A bifunctional antibody or heteroantibody of claim 9, wherein the target cell is selected from the 
group consisting of a cancer cell, an infectious agent, an IgE-producing cell and an autoimmune cell. 

11 . A heteroantibody comprising: 

a an antibody or antibody binding fragment specific for Fc receptor for IgG on human monocytes, 
the binding of which to the human Fc receptor is not blocked by human immunoglobulin G; 
45 b. an antibody or antitxxJy binding fragment specific for a target celL 

12. An antibody according to claim 11, wherein the antibody or antibody binding fragment for Fc 
receptor Is specific for the high affinity Fc receptor. 

13. An antilxxly according to claim 11 or claim 12. wherein the target cell is selected from the group 
consisting of a cancer cell, an infectious agent an IgE producing cell and an autoimmune cell. 

50 14. An antifcK>dy according to claim 9 or claim 12, wherein the anti-Fc receptor antilxxjy is selected from 
the group consisting of mab 32. mab 22. mab 44. mab 62 and mab 197. 

15. A bifunctional antibody or heteroantibody comprising: 

a at least one antigen binding region derived from mab 32; and 

b. at least one antigen binding region derived from an antitKxJy specific for a target cell, said cell for 
55 xample being a cancer cell. 

16. A target-specific effector cell, comprising: 

a. an effector cell which expresses receptor for the Fc portion of IgG; 
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b. a bifunctional antibody or heteroantibody which comprises 

(1) at least one antig n binding region derived from an anti-Fc receptor antibody, the binding of which to 
human Fc receptor is not blocked by human immunoglobulin G; and 

(2) at least one antigen binding region specific for a targ t cell, the bifunctional antibody or heteroantibody 
being bound to th Fc receptor of the effector cell. 

17. A target-specific ffector cell according to claim 16. wherein the ffector cell is pretreated with IFN- 
gamma 

18. A target-specific effector cell according to claim 16 or claim 17. wherein the effector cell is a human 
monocyte or macrophage, or an activated macrophage. 

19. A target-specific effector cell according to claim 16. 17 or 18. wherein the Fc receptor is the high 
affinity Fc receptor for human Ig. 

20. A target-specific effector cell according to any of claims 16 to 19. wherein the antigen binding 
region is derived from monoclonal antibody 32. 

21. A target-specific effector cell according to any of claims 16 to 20. wherein the target cell is selected 
from the group consisting of a cancer cell, an infectious agent, an IgE producing cell or an autoimmune cell, 
or is an antibody producing cell. 

22. A target macrophage, comprising: 

a macrophage having bound to its surface Fc receptors a heteroantibody comprising; 

a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of which to 
human Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific for a target cell, the bifunctional antibody or heteroantibody 
being lx)und to the Fc receptor of the effector cell. 

the macrophage OPTIONALLY having been treated with IFN-gamma before targeting. 

23. A targeted macrophage according to claim 22. wherein the heteroantibody comprises: 

a. an antibody binding fragment specific for Fc receptor for IgG on human monocytes, the binding of 
which to the human Fc receptor is not blocked by human immunoglobulin G; 

b. an antitx)dy or antibody binding fragment specific for a target cell. 

24. Targeted effector cells, each comprising: 

a. an effector cell expressing receptor for the Fc portion of IgG; 

b. at (east one antigen binding region derived from an anti-Fc receptor antibody, the binding of which to 
human Fc receptor is not blocked by human immunoglobulin G; and 

c. at least one antigen binding region specific for a tumor cell, the bifunctional antibody or heteroantibody 
being bound to the Fc receptor of the effector cell, - 

for use in diagnosis or therapy e.g. of cancers, allergies, infectious or immune diseases. 

25. Use of targeted effector cells for the manufacture of a diagnostic agent or a medicament for tiierapy 
e.g. of cancers, allergies, infectious or immune diseases, said ic:ells each comprising: 

a. an effector cell expressing receptor for the Fc portion of IgG; 

b. at least one antigen binding region derived ft-om an anti-Fc receptor antibody, the binding of which 
to human Fc receptor is not blocked by human immunoglobulin G; and 

c. at least one antigen binding region specific for a tumor cell, the bifunctional antibody or 
heteroantibody being tx)und to the Fc receptor of the effector cell. 

26. Cells according to claim 24 or claim 25. wherein the anti-Fc receptor antibody is selected from the 
group consisting of mab 22, mab 32. mab 44. mab 62 and mab 197. 

27. Cells according to claim 24. 25 or 26, wherein the effector cells are pretreated with interferon- 
gamma before targeting, said cells optionally being human monocytes or macrophages. 

28. An immunoassay for the level of human FcRI of a cell emptoying a monoclonal anti-Fc receptor 
antit>ody which: 

a. binds spedfically to an epitope of the high affinity Fc receptor for IgG on human monocytes, the 
epitope being distinct from the ligand binding site for Fc of the receptor; 

b. is capable of tending to IgG-occupied Fc receptor and 

c. is not blocked from binding to the receptor by human IgG. 

29. An immunoassay for quantifying interferon-gamma in a sample, comprising: 

a. contacting the sample to t>e tested with human cells that increase FcRI expression upon 
stimulation with interferon-gamma; and 

b. measuring the FcRI I vel of the cells as an indication of th amount f interf ron-gamma in 
sample. 

30. An immunoassay according to claim 29. wh rein the FcRI level is measured by emptoying an anti- 
FcRI monoclonal antibody which binds FcRI through its antig n binding region. 
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31. An immunoassay according to claim 28 or claim 29, wherein the anti-FcRI antibody is selected from 
the group consisting of mab 22» mab 32, rhab 44, mab 62 and mab 197. 

32. The antibodies claimed in any of claims 1 to 15. th effector cells claimed in any of claims 16 to 21 
or the targeted macrophage claimed in claim 22 or claim 23. for use as diagnostic ag nts or therapeutic* 
agent 

33. Methods of making (a) any of the antibodies claimed in any of claims 1 to 15, and (b) any of th 
c lis or macrophages claimed in any of claims 16 to 23, substantially as described in th accompanying 
specification. 

34. A method of targeting a human effector cell, for example a human macrophage which expresses Fc 
receptor to produce a target-specific effector cell comprising linking an antigen binding region of an 
antibody specific for a target ceil to the effector cell through an antigen binding region derived from an anti- 
Fc receptor antibody, which binds Fc receptor without being blocked by human IgG. the anti-Fc receptor 
antibody optionally being selected from mab 32. mab 22. mab 44, mab 62 and mab 197, and the target cell 
for example being a cancer cell, an infectious agent, an IgE-producing cell or an autoimmune cell. 
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FIGURE 2 
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Fig. 4. Binding of M Ab 32 to U937 Cells 
Effect of Human IgG 
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FIGURE 4B 
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FIGURE 5 




Fluorescence Intensity Units (Logarithmic Scale) 
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FIGURE 10 
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0 A human Fc receptor-specific monoclonal anti- 
body is disclosed together with its mode of prepara* 
tion. Binding of the antit>ody to Fc receptor is not 
blocked by human immunoglobulin G. The antibody 
binds to the high affinity Fc receptor for IgG on 
human monocytes at a receptor binding site distinct 
CO from the iigana binding site for Fc. 
^ A bifunctionai antibody or a heteroantibody has 
gjan antigen binding region derived from an anti-Fc 
preceptor antibody and an antigen binding region 
^specific for a target epitope or cell: such antibody 
innnay target a macrophage when it is bound to sur- 
Wface Fc receptors of the macrophage. 
^ A target-specific effector cell expresses receptor 
Ofor the Fg portion of IgG, has one antigen binding 
region derived from an anti-Fc receptor antibody and 
tu another specific for a target cell, and the aforesaid 
bifunctionai or hetero-antibody is bound to the Fc 
receptor of the effector cell: such effector eel! can be 



used in the therapy of cancers, allergies, infectious 
and autoimmune diseases, and In immunoassays. 



FIGURE 43 



DIRECT ULNDLNG OF FITC .MAb TO U-937 CELLS 

80000 - 

■ mc-ifC 

0 Frrc-32 

□ Frrc-w 

□ nTC197 



mi 





CDKTROL CnmVOL in«;AMMA ff>*-CAAWA 



Xerox Copy Centre 



J 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 

which under Rule 45 of the European Patent Convention 
shall be considered, for the purposes of subsequent 
proce dings, as the European search report 



Application number 

EP 87305998 
- page 1 - 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation pt document with indication, wn«hi appfopnaie, 
ol relevant passages 



Relevant 
to claim 



ClASSIFICATION OF THE 
APPLICATION (Int. O.^^ 



X 



Y 
X 



JOURNAL OF BIOLOGICAL CHEMISTRY/ 
vol. 261, no. 27, 25th September 
1986, Baltimore, Md, USA, pages 
12856-12864; C.L. ANDERSON et al.: 
"Monoclonal antibodies to Fc recep- 
tors for IgG on human mononuclear 
phagocytes" 
* whole document * 

BIOI, vol. 31, 1986, no. 31017280, 
C.L. ANDERSON et al. : "Stimulation 
of superoxide production by a mono- 
clonal antibody against the high 
affinity immunoglobulin G Fc recep- 
tor of U-937 cells"; & FEDERATION 
PROCEEDINGS (US) 1986, vol. 45, no. 
3, page 714 



CHEMICAL ABSTRACTS, vol. 103, no. 
11, 23rd September 1985, Columbus, 
Ohio, USA, page 162, column 1, ab- 
stract no. 86103r; E. RECTOR et al . 
: "Detection and characterization O"^ 
mnnoclonal antibodies specific to 
IgE receptors on human lymphocytes 
by flow cytometry"; & IMMUNOLOGY 
1985, vol. 55, no. 3, pages 481-488 



1-4,28 



G01N33/'68 

G01N33/577 

A61K39/395 

C12P21/00 

//G01N33/566 

G01N33/574 



1-4 



5-15 



TECHNICAL FIELD?. 
ScAaCHEO (Int. Cl.^ 



G01N33/00 
A61K39/00 
C12N5/00 
C12P21/00 



INCOMPLETE SEARCH 



The Searcn Division considers that the present European patent application does not comply wtth 

the provisions of the European Patent Convention to such an extent that tt is not possible to carry 

out a meaningful search mto the state of the art on the basis of some of the claims. 

Oaims searched completely: 1-15,28 

Claims searched incompletely: 

Claims not searched: 32,33 

Reason for tne limrtatton of the search: 

Lack of description of technical features. 



Place of searcn 

Berlin 



Date of comoietion of me saarcn 

14.05.89 



examiner 

DE KOK, A.J. 



CATEGORY OF CITcO 0OCUfw!ENTS 

X : particularly relevant if taken aion© 

Y : particularly relevant if camomed with anotner 

aocumeni of tne same category 
A : tecnnoiogicai oacxgrouna 
O.; non-wnnen oisciosure 

P : intefmeoiaie oocument 



T : theory or principle unoerfying the inventiofi 
c : earlier patent oocument. Out puOtishec on. or 

after the filing date 
O : document cited in the application 
L : d cument cited for ther reasons 



4 : memoer of the sam patent family, corresponding 
oocument 




European Patent 
Office 



I CLAIMS INCURRING FEES 



The present European patent appUcatton comprised at the time of filing more than ten claims. 

I I ^' *>«w P»»<^ w*thin the prescribed time limit The present European search report has been 

drawn up for aii cairns. 

ri °' claims tees have been paid within the prescnbed time Umit The present European search 

epon has been arawn up for the flrrt ten claims and for those claims for wnrch claims 'ees have been paid. 

namety claims: 

I ) c\zim% fees have been paid within the prescnbed time limit The present Eurooean searcn report h^s been 

drawn up for the fl-st ren daims. 



X\ LACK OF UNITY OF INVENTION" 

The Searcn Division consioers mat th« orm^mnt EurooMn na» 



The Searcn Division consioers mat the present European patent appiicaoon does not compry witn tne requirement of unity of 
invention and relates to several inventions or groups of inventions, 
namely: 



1 ) claims 



2J claims 5-15 : 
3) claims 16-27,34: 



4) claims 29-31: 



1-4,28,32,33: Monoclonal antibody to 
human Fc-receptor and 
immunoassay employing 
this antibody.* 
Bifunctional*or hetero- 
antibody. 

Targetspecific effector 
cell ^and method of target!- 
ting human effector cells' 
An immxinoassay for quan- 
tifying g-IFN* 



Q AH funner search fees have been paid within the ftxed time limtt. The present eurooean swcn reoort has 
been orawn up for aJl claims. 

' P*" fees nave been paid within the fixed time limit The present Eurooean searcn 

report has been orawn up for those parts of the European patent aopucaoon wmcn relate to the ^nvemions m 
resoeciof wn cn searcn fees have been oaid. 

namenrciaims: 1-15,28,32,33 

Q None of the further searcn fees has been paid wimtn me fixed time umit The present Eurooean searcn reoort 
has been drawn up for those parts of the Eurooean patent aooiicanon wnicn relate to me invention flrst 
mentioned m the aaims. 



nam e«y Claims: 



J 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



.category 



A,D 



A,D 



X,? 



DOCUMENTS CONSIDERED TO BE RELEVANT 



passages"' '"<"""o"- *nere appropnaie. of relevant 



BIOI, vol. 31, 1986; no. 31035242, 
N. DUNLAP et al.:" Identification 
Ox the Fc-gamma receotors on mono- 
cyte/macrophages with a monoclonal 
antibocy"; FEDERATION PROCSEDTNGS 
1986, vol. 45, no. 4, page 1115 



Relevant 
to Claim 



1-4,28 



PROC 
vol . 
H - 3 • 
phil 
tion 



NATL. ACAD. SCI USA, 
79, May 1982, pages 3275-3279] 
FLEIT et al.: "Human neutro- ] 
Fc-gamma receptor distribu- 
and structure" 



5-1 



1 .2,28 



1-4,28 



* whole document * 

JOURNAL OF IMMUNOLOGY, vol. 134, 
-no, 1, January 1985, oaces 465-470' 
C.L. ANDERSON et al Character!- I 
zation of a polyvalent antibodv di- 
rected against the IgG Fc receotor 
of human mononuclear phagocvtes" 

* page 469, column 2 lines" 52-6 0 

JOURNAL OF EXPERIMENTAL MEDICINE, 1-4,28 
vol. 156, December 1982, oaces 
1794-1805; C.L. ANDERSON: "liolation 
of the receptor for IgG from a 
human monocyte cell line {U937) 
and from human peripheral blood 
mionocy tes" 

1794-1796 * 



AoDiicauon numoer 

EP 87305998.4 
" page 2 - 

CLASSIFICATION OF THE 
APPLICATION (Int. Cl.*) 



TECHNICAL FIELDS 
SEARCHED (Int. Cl.*) 



* pages 



THE JOURNAL OF IMMUNOLOGY, vol. 5-15 
137, no. 1, 1st December 1986, 
pages 3378-338 2, BALTIMORE, MD, L. 
SHEN ez al.:"Heteroantibodv-meGia- 
tea cytotoxicity: antibody" to the 
nigh affinity Fc receotbr for IgG j 
mediates cy-otoxicitv"bv human j 
monocyres that is enhanced bv inter- 
reron-rr and is not blocked bv hu- I 



:eron-g 
man IgG 
* whole cccument 



EPO Form 1505.3 08.7S 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



Apotication numoer 

EP 87305998 
- page 3 - 



DOCUMENTS CONSIDERED TO BE RELEVANT 



;^ategory 



Citation of document with indication, wnere appropriate of relevant 
passages 



Relevant 
to claim 



A 



A 



JOURNAL OF EXPERIMENTAL MEDICINE, 
vol. 160, Deceirber 1984 , pages 
1686-1701, New York, NY, B. KAR- 
POVSKY et al. Production of tar- 
get specific effector cells using 
hetero-cross-linked aggregates 
containing anti-target cell and 
anti-?ec receptor antibodies" 

* whole document * 

EP - A- 68763 (THE BOARDS OF RE- 
GENTS UNIVERSITY OF TEXAS SYSTEM) 

* claims 1-13 * 

EP - A-96463 (E.I. DU PONT BE NE- 
MOURS ) 

* pages 16-23, claims 1-10 * 



5-15 



5-15 



5-15 



CLASSIFICATION OF THE 
APPLICATION (Int. Cl.«) 



TECHNICAL FIELDS 
SEARCHED (Int. CI.*) 



EPO Forml 505.3 06.78 



